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DETAILED ACTION 

1 . The cancellation of claims 1-23 and 25-30 in Paper filed 10/20/04 is 
acknowledged. 

Claim Rejections - 35 USC § 103 

2. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for 
all obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described 
as set forth in section 102 of this title, if the differences between the subject matter sought to 
be patented and the prior art are such that the subject matter as a whole would have been 
obvious at the time the invention was made to a person having ordinary skill in the art to which 
said subject matter pertains. Patentability shall not be negatived by the manner in which the 
invention was made. 

3. Claim 24 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Okabe et al (US. 5,925,91 1 ) in view of Kubo (US. 5,463,241 ). 

Okabe (Figs. 3-10) discloses a method of forming a trench DMOS 
transistor device comprising: providing a substrate 1 of a first conductivity type 
(N+), the substrate acting as a common drain region for the device (column 4, 
lines 3-4); depositing an epitaxial layer 2 of the first conductivity type (N-) over 
the substrate, the epitaxial layer 2 (N-) having a lower majority carrier 
concentration than the substrate 1 (N+); forming a body region 40 of a second 
conductivity type (P) within an upper portion of the epitaxial layer 2; etching a 
trench 60 extending into the epitaxial layer 2from an upper surface of the 
epitaxial layer 2 (Fig. 7); forming an insulating layer 6 lining at least a portion of 
the trench (see Fig. 10 and column 5, lines 55-60); forming a conductive region 7 
within the trench adjacent the insulating layer; forming a source region 5 of the 
first conductivity type (N+) within an upper portion of the body region 40 and 
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adjacent the trench; forming a low resistivity deep region 31 of N+ extending into 
the device from an upper surface of the epitaxial layer 2, the deep region 2 acting 
to provide electrical contact with the substrate 1; and forming a source contact 9 
adjacent an upper surface of the source region 5, and a gate contact adjacent an 
upper surface of the conductive region 7 in a termination region remote from the 
source region 7. 

Okabe does not disclose the drain contact deep region 31 formed by a 
metal extending from an upper surface of the epitaxial layer 2 through the 
epitaxial layer 2. 

However, Kubo (Figs. 6B-6D) teaches the forming of a metallic 
source/drain contact and a metallic gate contact (column 5, lines 1-6) and the 
forming of a metal contact deep region 101 comprising a low resistivity material 
such as doped polycrystalline silicon and refractory metals (column 4, lines 56- 
59), wherein the deep region 101 is formed by a process comprising etching a 
deep trench 200 (Fig. 6B) that extends into the device from an upper surface of 
the epitaxial layer lb (P-) and depositing doped polycrystalline silicon or 
refractory metals 101 within the deep trench 200. Accordingly, it would have 
been obvious to modify the process of Okabe by forming the drain contact deep 
region 31 with the process as set forth above, because as taught by Kubo, such 
modified process would form the deep region with the refractory metal materials 
for reducing source/drain resistance, improving high frequency gains and 
improving heat dissipation characteristics (column 5, lines 45-55). 
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4. Claim 24 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
DanA/ish et al (US. 5,674,766) in view of Kubo (US. 5,463,241). 

,Darwish (Fig. 3D) discloses a method of forming a conventional trench 
DMOS transistor device comprising: providing a substrate 120 of a first 
conductivity type (N=), the substrate 120 acting as a common drain region for the 
device; depositing an epitaxial layer 1 1 1 of the first conductivity type (N) over the 
substrate 120, the epitaxial layer 1 1 1 having a low majority carrier concentration 
than the substrate 120; forming a body region 1 14 of a second conductivity type 
within an upper surface of the epitaxial layer 111; etching a trench extending into 
the epitaxial layer 1 1 1 from an upper surface of the epitaxial layer 111; forming 
an insulating layer (not labeled) lining at least a portion of the trench; forming a 
conductive region 102 within the trench adjacent the insulating layer; forming a 
source region (not labeled) of the first conductivity type (N+) within an upper 
portion of the body region 1 14 and adjacent the trench; and forming a metallic 
source contact 1 18 (column 1 , lines 64-65) adjacent an upper surface of the 
source region, and a metallic gate contact 121 (column 3, lines 30-31) adjacent 
an upper surface of the conductive region 102 in a termination region remote 
from the source region. Darwish's Fig. 13 also teaches the forming of a low 
resistivity deep region 304 of N+ type extending from an upper surface of the 
epitaxial layer to the substrate 318 for providing an electrical contact to the drain 
or the substrate. 
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Darwish does not disclose the drain contact deep region 304 formed by a 
metal extending from an upper surface of the epitaxial layer through the epitaxial 
layer. 

However, Kubo (Figs. 6B-6D) teaches the forming of a metallic 
source/drain contact and a metallic gate contact (column 5, lines 1-6) and the 
forming of a metal contact deep region 101 comprising a low resistivity material 
such as doped polycrystalline silicon and refractory metals (column 4, lines 56- 
59), wherein the deep region 101 is formed by a process comprising etching a 
deep trench 200 (Fig. 6B) that extends into the device from an upper surface of 
the epitaxial layer lb (P-) and depositing doped polycrystalline silicon or 
refractory metals 101 within the deep trench 200. Accordingly, it would have 
been obvious to modify the process of DanA^ish by forming the drain contact deep 
region 31 with the process as set forth above, because as taught by Kubo, such 
modified process would form the deep region with the refractory metal materials 
for reducing source/drain resistance, improving high frequency gains and 
improving heat dissipation characteristics (column 5, lines 45-55). 
5. Claims 31-32 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Okabe et al (US. 5,925,911) in view of Williams et ai (US. 5,945,709). 

Okabe (Figs. 3-10) discloses a method of forming a trench DMOS 
transistor device comprising: providing a substrate 1 of a first conductivity type 
(n+), the substrate acting as a common drain region for the device (column 4, 
lines 3-4); depositing an epitaxial layer 2 of the first conductivity type (n-) over the 
substrate, the epitaxial layer 2 (n-) having a lower majority carrier concentration 



Application/Control Number: 10/725,326 Page 6 

Art Unit: 2814 

than the substrate 1 (n+); forming a body region 40 of a second conductivity type 
(p) within an upper portion of the epitaxial layer 2; etching a trench 60 (Fig. 7) 
extending into the epitaxial layer 2 from an upper surface of the epitaxial layer 2; 
forming an insulating layer 6 lining at least a portion of the trench; forming a 
conductive region 7 within the trench adjacent the insulating layer 6; forming a 
low resistivity deep region 31 of the first conductivity type (n+) by implantation 
and diffusion (column 5, lines 14-18), the low resistivity deep region 31 extending 
into the device from an upper surface of the epitaxial layer 2 and acting to 
provide electrical contact with the substrate 1; and forming a source region 5 of 
the first conductivity type (n+) within an upper portion of the body region 40 and 
adjacent the trench 60. 

Okabe does not disclose that the step of forming the source region 5 also 
forms a region of first conductivity type within the low resistivity deep region 31. 

However, Williams (Figs. 9A-9D) teaches the forming of a source region of 
a first conductivity type (n+) within an upper portion of a body region 85 and the 
forming of a low resistivity deep region 70 extending into the device from an 
upper surface of an epitaxial layer 72, wherein the step of forming the source 
region also forms a region of first conductivity (n+) within the low resistivity deep 
region 70 (also see column 9, lines 4-7). Accordingly, it would have been 
obvious to modify the process steps of Okabe by forming a region of first 
conductivity within the deep region 31 at the same step of forming the source 
region 5 because the process step of forming the diffusion region within the deep 
region and having the same conductivity with the deep region is well known and 
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commonly used for providing the low resistance source/drain contact region, as 
taught by Williams (column 9, lines 4-7). 

6. Claims 31-32 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Darwish et al (US. 5,674,766) in view of Williams et al (US. 5,945,709). 

Regarding claim 31, Darwish (Fig. 3D) discloses a method of forming a 
trench DMOS transistor device comprising: providing a substrate 120 of a first 
conductivity type (n+), the substrate 120 acting as a common drain region for the 
device; depositing an epitaxial layer 11 1 of the first conductivity type (n) over the 
substrate, the epitaxial layer 111 (n) having a lower majority carrier concentration 
than the substrate 120 (n+); forming a body region 1 14 of a second conductivity 
type (p+) within an upper portion of the epitaxial layer 111; etching a trench 
extending into the epitaxial layer 1 1 1 from an upper surface of the epitaxial layer; 
forming an insulating layer (not labeled) lining at least a portion of the trench; 
forming a conductive region 102 within the trench adjacent the insulating layer; 
forming a low resistivity deep region 304 (not shown in Fig. 3D, see Fig. 13) 
extending into the device from an upper surface of the epitaxial layer, the deep 
region acting to provide electrical contact with the substrate; and forming a 
source region (not labeled) of the firs conductivity type (n+) within an upper 
portion of the body region 114 and adjacent the trench. 

Darwish does not disclose that the step of forming the source region also 
forms a region of first conductivity type within the low resistivity deep region 304. 

However, Williams (Figs, 9A-9D) teaches the forming of a source region of 
a first conductivity type (n+) within an upper portion of a body region 85 and the 
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forming of a low resistivity deep region 70 extending into the device from an 
upper surface of an epitaxial layer 72, wherein the step of forming the source 
region also forms a region of first conductivity (n+) within the low resistivity deep 
region 70 (also see column 9, lines 4-7). Accordingly, it would have been 
obvious to modify the process steps of DanA/ish by forming a region of first 
conductivity within the deep region at the same step of forming the source region 
because the process step of forming the diffusion region within the deep region 
and having the same conductivity with the deep region is well known and 
commonly used for providing the low resistance source/drain contact region, as 
taught by Williams (column 9, lines 4-7). 

Regarding claim 32, Williams also teaches that the region of first 
conductivity (n+) formed within the low resistivity deep region 70 is formed by 
implantation and diffusion (column 9, lines 4-7). 

Response to Arguments 
7. Applicant argues that the applied references do not suggest the forming of 
a metal drain contact as claimed. 

This argument is not persuasive because the combination of the applied 
references clearly suggest the invention as claimed. Specifically, Okabe (Fig. 
10) and Darwish (Fig. 13) clearly discloses the forming of a drain contact 
extending from an upper surface of the epitaxial layer through the epitaxial layer 
and into contact with the substrate (see ground of rejection(s) for more details). 
And Kubo (Figs. 6B-6D) clearly teaches the forming of a metal source/drain 
contact 101 extending from an upper surface of the epitaxial layer lb through the 
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epitaxial layer 1 b and into contact with the substrate 1 a for the purpose of 
reducing source/drain resistance, improving high frequency gains and improving 
heat dissipation characteristics (column 5, lines 45-55). 

Regarding newly submitted claims 31-32, the new reference is applied to 
show the obviousness of the invention as claimed. 

Conclusion 

8. Applicant's amendment necessitated the new ground(s) of rejection 
presented in this Office action. Accordingly, THIS ACTION IS MADE FINAL. 
See MPEP § 706.07(a). Applicant is reminded of the extension of time policy as 
set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire 
THREE MONTHS from the mailing date of this action. In the event a first reply is 
filed within TWO MONTHS of the mailing date of this final action and the advisory 
action is not mailed until after the end of the THREE-MONTH shortened statutory 
period, then the shortened statutory period will expire on the date the advisory 
action is mailed, and any extension fee pursuant to 37 CFR 1 .136(a) will be 
calculated from the mailing date of the advisory action. In no event, however, will 
the statutory period for reply expire later than SIX MONTHS from the date of this 
final action. 

9. Any inquiry concerning this communication or earlier communications from 
the examiner should be directed to Phat X. Cao whose telephone number is 
(571 ) 272-1 703. The examiner can normally be reached on Monday - Thursday. 
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If attempts to reach the examiner by telephone are unsuccessful, the 
examiner's supervisor, Wael Fahmy can be reached on (571) 272-1705. The fax 
phone number for the organization where this application or proceeding is 
assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from 
the Patent Application Information Retrieval (PAIR) system. Status information 
for published applications may be obtained from either Private PAIR or Public 
PAIR. Status information for unpublished applications is available through 
Private PAIR only. For more information about the PAIR system- see http://pair- 
direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll- 
free). 



PC 

January 6, 2005 
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